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摘要
多智能体系统是一组部署在特定区域来完成集体任务的静态或动态智能体
的集合，由于其优越的性能及广泛的应用场景，近几十年来多智能体系统已经
成为了多个领域的热门研究课题。其中一致性问题在多智能体系统的研究中扮
演着非常重要的角色，并且已经有了许多深入的研究，但仍有一些局限之处。
首先，对于受非完整约束影响的多智能体系统，由于其复杂程度较高，现今对
这种系统的分布式控制律的研究仍比较少。其次，对于抵消干扰影响的基于干
扰观测器的控制思想多是应用于线性系统，对非线性系统的研究比较匮乏。最
后，许多研究工作并没有考虑智能体在运动过程中的避碰问题，研究结果多停
留在理论层次，缺乏在实际机器人上的应用。
本文考虑了多机器人系统在未知的异质输入干扰下的分布式集结和跟踪问
题。文中构造了一个状态估计器来估计受控机器人的状态值，并基于这个估计
器设计了干扰补偿器来抵消未知干扰对机器人运动的影响。本文分别利用拉塞
尔不变原理和芭芭拉引理证明了多机器人系统在集结问题和跟踪问题下的收敛
性。对于多机器人的集结问题，所有的受控机器人都能在未知输入干扰的影响
下集结到一个预先设定的地点。对于多机器人的跟踪问题，所有的跟随机器人
在未知输入干扰的影响下都能跟踪上领导机器人，然后跟随领导者以相同的
线速度和角速度运动。在解决这两个基本问题的同时，本文还基于势函数的
方法构造了可以使得机器人在运动过程中避免相互碰撞的控制算法。通过这
种方法，我们可以保证机器人最终收敛误差有界，并且所有的机器人相互之
间都能保持“安全”距离。本文不仅基于Matlab给出了算法的数值仿真，还基
于MFC设计开发了软件平台作为算法应用到AmigoBot机器人上的媒介，利用仿
真和实验共同来验证设计算法的有效性。
关键词：分布式协同跟踪； 无干扰估计器； 独轮车式机器人； 多智能体系统
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Abstract
Amulti-agent system is a group of static or mobile agents deployed in a geograph-
ic area to perform collective tasks. It has drawn much attention in various fields recently
due to its superior performance and a wide range of application scenarios. One problem
that plays a central role in the study of multi-agent system is the consensus problem,
which already has many in-depth studies, but there are still some limitations. Firstly,
distributed control of nonholonomic systems has been less studied due to the com-
plexity of nonholonomic constraints. Secondly, most studies on disturbance observer
based control focus on linear systems; the topic has already been investigated for non-
linear systems. Finally, most works on cooperative control do not consider collision
avoidance; the research results more focus on the theoretical perspective, without the
application or experiment in practical robots.
This paper addresses the distributed rendezvous and tracking problems for mul-
tiple unicycles in the presence of unknown heterogeneous disturbances. Disturbance
compensators are designed to attenuate the effect of unknown disturbances, which rely
on a state estimator constructed to estimate the states of the controlled agents. LaSalle’s
invariance principle and Barbalat’s lemma are employed, respectively, to prove the con-
vergence of the systems. For the rendezvous problem, all agents will rendezvous at a
pre-specified point eventually under the effect of input disturbances. For the tracking
problem, all follower agents will track the leader agent and then move with the leader
at the same linear and angular velocities under the effect of input disturbances. Then,
the potential function approach is employed in constructing the control laws that are
capable of avoiding inter-agent collisions. With this method, the tracking error can
be made upper bounded while all the agents keep a “safe” distance from each other.
Simulation examples are then presented to verify the effectiveness of the designed con-
trollers. Meanwhile, a software based on MFC is developed to apply the control laws
on AmigoBots, which also demonstrates the validity of the theoretical results.
Key Words: distributed coordinated tracking; disturbance free estimator; unicycle;
multi-agent system
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